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FOREWORD 


Tne  availability  of  shelf-stable,  highly  acceptable  meat  itema  for 
uss  in  military  feeding  systems  Is  considered  a  necessity.  The 
currently  a/ailable  thermally  processed  items  do  not  fully  meet 
requirements  because  of  their  limited  utility,  stability  and 
acceptability.  Radiation  processing  of  "cold"  sterilization  as  it 
is  frequently  called,  has  the  potentiality  of  yielding  products  that 
have  g>:i  military  utility,  good  storage  stability,  and  good 
acceptability.  Therefore,  research  to  develop  process  criteria  that 
can  be  used  to  produce  irradiation  sterilized  meats  is  underway. 

The  work  covered  m  this  report  was  performed  by  Swift  and  Company 
Research  Labocar: s ies  under  NLABS  (Natick)  Agreement  No.  172  during 
the  peri ^d  from  March  1962  to  March  1967  .  It  represents  a  series  of 
investigations  to  determine  the  effects  of  the  irradiation  treatment 
on  sens  cry  characteristics  and  acceptability  of  a  variety  of  meat 
iti.Tr.  Variables  studied  include  such  factors  as  differences  in 
age  and  diet  of  the  animal  prior  to  slaughter,  differences  in  method) 
of  preparation  for  serving,  and  product  temperature  during  irradiation. 
The  investigation  was  performed  under  Project  No.  7X84-01-002, 
Radiation  Preservation  of  Food. 

Dr.  F.  L.  Kai-ffman  was  the  Project  Officer  and  Official  Investigator 
and  Dr.  J.  W.  Harlan  the  Collaborator  in  the  research  work  for  Swift 
and  Company  Research  Laboratories.  The  U.  S.  Army  Natick  Laboratories' 
Project  Officer  was  Dr.  F.  Helligman  and  the  Alternate  Project  Officer 
was  Dr.  E.  Wierbicki  both  of  the  Food  Laboratory. 
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ABSTRACT 


No  differences  were  noted  in  degree  of  irradiation  flavor  of  veal, 
lamb  and  beef  as  regards  to  age  within  a  species. 

Beef,  pork,  chicken.  Brown  “N1  Serve  Sausage,  smoked  ham  and 
bacon  irradiated  at  -196°C0  were  rated  from  very  little  to  little 
irradiation  flavor  by  an  expert  panel.  Consumer  panels  rated  the 
controls  superior  to  the  irradiated  samples  in  most  instances. 

Ten  different  items  representing  five  different  meats,  which  had 
been  radiation-sterilized  while  at  a  temperature  near  liquid 
nitrogen,  were  evaluated  by  consumer  panels  for  acceptance,  and  by 
a  trained  expert  panel  for  irradiation  flav.r  intensity.  In  four 
of  the  ten  items  tested,  the  consumer  panels  rated  the  irradiated 
samples  as  good,  or  better,  than  the  non- irradiated  frozen 
controls . 

Acceptance  scores  and  comments  were  sufficiently  favorable  to 
suggest  that  the  consumers  did  not  find  any  of  the  irradisted  items 
objectionable.  The  expert  panel  rated  the  irradiated  samples  on 
an  average  midway  between  "little"  and  "very  little"  for  irradiation 
flavor  intensity.  Expert  panel  scores  were  useful  in  determining 
to  what  extent  irradiation  flavor  affected  ever-aj.1  acceptance 
scores. 
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INTRODUCTION 


A  n-Ji-t-  t  : :  i  2  - yp*  s  vt  «  up*'- ;  Tr.nt  s  v*:-  jen?..- i-i  as  a  pa  • :  ct  tr  j  s 
c  or,  tract .  These,  include:!: 

(A)  A  tts’.  t  •  i-  *  .4  rx:  v?  whether  c  bs--r  •.'*&  de  erees  ci  i 'caiiAticn 
flavor  diffetei  amc.'g  ar  ..m'js  of  the  same  spar :«.»  but  <*i 
different  age ; 

fB)  A  study  to  determine  tbe  organoleptic  effects  c  £  itt  %'iia:ioxi  &’ 
low  temper,  at.ut a  on  s-ch  items  as  pork  ob r-ken,  saoiag-.  'ham., 
bacon  as  well  as  beef; 

(G)  Expert  panel  evaluation  of  frankfurters,  salami  ,  turkey  tells 
veal  and  lamb, 

(D1)  A  consumer  preference  experiment  on  low- temperature  iris  ated 
versus  non-ir radiated  samples  of  bacon  ham,  chicken,  pock  and 
beef . 


EXPERIMENTAL  AND  RESULTS 

->  V  •  »  _  Tv  -  !  1  Different  Ages: 

In  ori-.r  t ..  d  :-:mins  whether  observed  degrees  of  irradiation  flavor 
it:---:'  "  g  amauls  ::  the  same  species,  but  of  different  age, 

•r:aJ;»:-i  samples  of  various  types  of  veal,  beef  and  mutton  were  prepared 
■  :  .  : e-.nc  1-ipt  ic  t  \>alu i on  by  an  expert  panel.  Four  individual  animals 
*- t  -  •  l.ii-i  m  each  :f  the  following  groups,  with  the  exception  of  beef, 

tr.  wV -.h  ,-rly  one  animal  is  represented. 

V-ai  Mi lk -fed  100  lb. 

Mi lk- fed  150-200  lb. 

Native  150-200  lb. 

Mu  1 1  o'.  Ewe 

Lamb 

Be. if  500  lb. 

700  lb. 

Cow,  young,  soft  bone 
Cow,  clJ,  hard  bone 

Al.  samples  ws  r  irradiated  at  the  Radiation  Laboratory,  U,  S.  Army 
.  *  I  >b.  r  it .  :  ies ,  .sing  gamma  rays  emanating  from  a  megacurie  cobalt  ^0 
ail  test  samples  were  given  4.5  tc  5.6  Mrad  at  ambient  temperature. 
N  •  i : : aiiated  samples  given  3. 0-3. 7  Mrad  were  used  as  open  reference 
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st andards  at  the  beginning  of  each  panel  session.  Samples  were  evaluated 
for  degree  of  irradiation  flavor  cn  the  1-6  quantitative  scale  <i  no 
if'aiiation  flavor  6-very  much  irradiation  flavor)  and  for  tesvhrtne  ss  on  a 
1*9  descriptive  (bite  and  chew  very  difficult  -  very  easy)  scale.  Attempts 
to  evaluate  texture  were  abandoned  be  ause  of  consistent  ,  dominant  dryness, 
in  the  veal  and  . r  _aibliness  in  the  mutton.  Samples  of  each  animal  w°'‘ 
evaluated  in  duplicate  and  only  one  kind  of  animal  mutton  or  beef 

was  sampled  in  a  given  panel  session.  Results  are  shown  in  Table  I. 


TABLE  I 

IRRADIATION  FLAVOR  i.  U  TENDERNESS  SCORES  FOR  VARIOUS  ANIMAL  TYPES 


(Mean  values  and  95%  confidence  limits) 


Irradiation  Flavor 

Tenderneca 

(1-6) 

(1-9) 

Veal 

Mi lk- fed 

100 

lb. 

5.20  *  .56 

6.06  +  .42 

Milk-fed 

150-200 

lb. 

4.52  +  .56 

5.68  +  .42 

Native 

150-200 

lb. 

5.01  +  .56 

5.63  +  .42 

Mutton 

Lamb 

3.67  +  .34 

7.56  +  .36 

Ewe 

3.68  +  .18 

5.11  ±  .10 

Beef 

500  lb. 

4.00  +  .54 

6.79  +  .42 

700  lb 

4.21  +  .54 

5.79  -s-  .42 

Young  cow 

4.50  +  .54 

^.86  +  .42 

Old  cow 

3.71  +  .54 

5.87  +  .42 

Examination  and  statistical  analysis  of  the  data  indicates  r.o 


differences  in  degree  of  observed  irradiation  flavor  among  the  types 
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.  .  i:  gc  .'r  variation  was  among  the  four  individual  animal; 

■  i  within  a  h  ’  vpe .  Tenderness  score®  indicated,  as  might  br 

•  :  M  j  t  •  ;•  •  *.  L te  ,  r  than  the  lamb  and  the  cow  meat  less 

•  - r  1- r  than  the  h^el. 

[he  it  tat ivr iy  intense  degree  of  irradiation  flavor  observed  in  the 
vk.i1  is  net  readily  exp  atr.ed.  It  might  be  postulated  that  the  inherent 

I, 1  li  fiav.  i  vf  veul  enabled  the  triad;'  ition  flavor  to  be  detected  more 
easily  than  when  masted  by  natural  meat  flavor.  It  was  noted  by  several 
f-xperier.-'ci  panel  members  that  the  observed  irradiation  flavor  in  both 
veal  ar.d  lamb  was  unlike  the  typical  sensation  experienced  with  irradiated 
b*ef  heretofore.  Several  of  the  ewe  samples  were  strongly  "mutton"  in. 
flavor,  and  this  also  tended  to  confuse  judges. 

(B)  low  Temperature  Irradiation  of  Pork,  Chicken,  Sausage,  Ham,  Bacon  and 
Beef: 

Beef  steaks  from  choice  animals  were  obtained,  cat  into  1"  thick 
pieces,  frozen,  seared  cn  botv  sides  in  an  infrared  oven,  and  then  enzyme 
inactivated  at  65° J  for  approximately  10  minutes  at  50ft  relative  humidity 
in  a  smokehouse.  Chicken  and  pork  chops  were  prepared  fresh  and  then 
arzymo  lr.at t  ivated  in  a  manner  similar  to  the  beef  without  searing.  Brown 
’  N  S  r r  v' ",  Sausage  was  taken  from  a  Swift  Premium  plant  batch  and  p  lac  ad 

J.  *■.  sen  in  cans.  Swift’s  Premium  boneless  Hostess  Smoked  Ham  and  Swift’s 
Premium  Bacon  vk7s  taken  directly  from  ccmmer ical  packages,  trimmed  and 
p.a.-i  in  cars  without  further  treatment.  Samples  were  then  sent  to  the 


Natick  Laboratories  for  irradiation  at  liquid  nitrogen  temperature  (180  rc 
~190°C)  and  returned  to  Swift’s  Laboratories.  Non-irradiated  controls 
prepared  at  the  same  time  were  held  in  a  freezer  until  evaluation. 

For  consumer  evaluations  a  nen-trained  laboratory  personnel  panel 
gave  over-all  acceptance  evaluations  ci  a  control  and  test  sample  of  each 
meat  using  a  1-7  facial  hedonic  scale.  A  rating  of  1  means  dislike  very 
much,  a  rating  of  7  means  like  very  much.  Samples  were  presented  in 
reverse  order  for  one-half  of  the  evaluation.  Results  from  the  acceptance 
test  are  given  in  Table  II. 


TABLE  II 

ACCEPTANCE  EVALUATIONS  OF  IRRADIATED  AND  CONTROL  NEATS 
(Mean  values  and  93%  confidence  level) 


Product 

Irradiated 
Dose  In 
Megarads 

No.  of 
Persons 
Eval. 

Pork 

4.5  -  5.6 

37 

Ham 

3.0  -  3.7 

Warmed 

55 

Cold 

54 

Chicken 

4.5  -  5.6 

Light 

19 

Dark 

20 

Sausage 

4.5  -  5-6 

86 

Bacon 

3.0  -  3.7 

70 

Beef 

4.5  -  5.6 

90 

Mean  Score 

and  95%  C 

.L. 

Signif.  of 
Diff.  between 

Control 

Irradiated 

Cont.  &  Irrad 

4.38  ±  .62 

3.89 

+ 

.62 

Net  Signif. 

5.64  +  .50 

4.07 

+ 

.50 

997. 

5.37  +-.48 

3.89 

+ 

.48 

997. 

4.74  +  1.02 

3  32 

+ 

1.02 

957. 

4.75  +  .80 

k  .40 

+ 

.80 

Not  Signif. 

5.14  +  .44 

4.14 

+ 

.44 

997. 

5.56  +  .38 

H 

CM 

<* 

+ 

.38 

997. 

4.40  +  .36 

3.36 

.36 

997. 
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All  nr- -iri  n'-ia:  e  i  prcd-cts  with  the  etc’epcion  cf  perk  ini  dark 


• «.  s*.gr-it  *rst  iy  bet  :«c  a •  *-.pte  i  than  th?  i :  -.siatei 
pre  ducts.  It.1,  r  ja:t>r  r  it  aval  nations  ior  perk  and  chicken  were  email. 

T*-  ise  sane  samp-ns  v-.re  evaluated  for  degree  cf  irradiation  f.avcr 
by  a  t  c  a  j  n.fed  pare  1 .  The  results  cn  a  6  point  a  rale  (L  no  irradiation 
i.ivcr  *  6  very  nwr.  irradiation  flavor).  Results  are  given  in 
Table  III. 

TABLE  III 

IRRATIAIION  FLAVOR  INTENSITY  IN  VARIOUS  IRRADIATED  MEATS 
(Mean  values  and  957.  confidence  limits) 

Irradiated  Dose  Mean  Score  and  957.  C.L. 


Prii.-C 

In  Megarads 

Control 

Irr ablated 

Pork 

4.5  -  5.6 

1.00 

2.13  +  *56 

Ham 

3.0  -  3.7 

Warmed 

1.00 

3.33  +  .70 

Gold 

1.00 

3.00  +  .70 

Ch icksn 

4.5  -  5.6 

light 

1.13 

2.25  +1.00 

Dar  k 

1.38 

2.88  +1.00 

Si  usage 

4.5  -  5.6 

1.14 

2.86  +  .66 

Ba.cn 

3.0  -  3.7 

1.14 

1.86  +  .66 

Be.ef 

4.5  -  5.6 

1.14 

2.29  +  .46 

1 1  appe  »t s  t  V  at 

th*  train--.  1  panel  was  unable  to  distinguish  irradiated 

:  a:i  i  a*  i  there 

was  considerable  d 

isagte.eme.nt  among 

r-i  ii-'rr?  : .  n  -  "i  • 

g  the  “ ; .ken.  It 

should  be  noted  th 

st.  the  panel  has 

r-1  •  c :  a ;  r.  - 1  c '  .  v  !. .  r 

i  r  •  1 1  a :  1 1  r.  f  1  avc  t 

in  bref  and  it  is 

not  known  if  a 
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trained  panel  m  one  meat  flavor  can  fur.^ticn  as  efficiently  with  ether 
meat  flavors  even  though  the  irradiation  flavor  supposedly  remains  the 
same . 

(C)  Frankfurters ,  Salami  Turkey  Rolls  Veal  and  Lamb 

Beef  frankfurters  and  high  fat  pork  and  beef  frankfurters  were 
commercial  runs  of  Swift's  Premium  Franks.  These  were  merely  piaced  in 
the  cans  as  was  the  Sal-jr.i .  Turkey  roils  were  cooked  commercially  and 
frozen  and  slightly  defrosted  before  placing  in  the  cans.  No  further 
processing  was  used.  Samples  of  veal  and  lamb  were  enzyme  inactivated 
by  placing  fresh  product  in  the  smokehouse  (without  smoke)  and  holding 
at  65°C  for  approximately  10  minutes.  Samples  were  sent  to  the  Natick 
Laboratories  fer  irradiation  at  ambient  temperature  (except  veal  and 
lamb  were  irradiated  at  -80°C  (+10°C)  in  addition  to  ambient  temperature) 
with  4.5  megarads.  These  were  evaluated  by  expert  panels  at  Natick 
Laboratories  and  at  Swift  and  Company  Laboratories. 

Table  IV  shows  the  results  of  panel  tests  of  various  products 
irradiated  at  ambient  temperature  and  at  -80°C.  These  panel  tests  were 
conducted  at  the  Natick  Lafcoratore3  except  where  indicated. 


PANEL  SCORES*  IRRADIATED  (A.  5-5. 6  Krad)  AND  NON- IRRADIATED  CONTROL  SAMPLES 


O  r~*  "N  AV 

>  4>  f  c 
a)  a  *  x  o 
m  ¥  of.) 
tk<  a.  o)  kJ 


■o  u  c  rH 

«  41  u  -M  m’ 

k<  O.  CO  3  L-i 

Li  X'  V>  U' 

*-*  20  -4  Ml 


C!  Cj\ 

a  *  o 

<v  * 

Y  0) 

<V  Y*  •[ 

■—  c  TT 

«U  t>  >tj 
U  U]  u 
C<  ^ 
»-l 


^  § 


ro  00 

CN  <n 


m  O 

in  in 


O'  X> 

*-»  m 


cm 

CO  vO 


cm  r- 

m 

cm  rg 


in 

On  cm 


m  m 


m  vO 

cm  cm 


in  rg 

N  H 


in  rg 

CM  vC? 


a  o 

o  o 


© 

cm  r- 


vo  «n 

vj  in 


o  o 
■o  o] 

•  i 

CM 

1 

c 

U-<  "O 

n- 

CM 

ao 

u-  0J 

O 

in 

•  • 

m 

n£> 

rg 

» 

u 

cn 

CM 

cn 

CM 

iW  g 
C  4) 
O  >%  U 
u  u  u 
u  4)  X 
tn  >  u 

i  i  i 

r-*-  co  on 


v  a> 

T3  *o 

£  2£ 

«d 

3  »*  4> 

C  <D  > 

m  *o  o 

41  O  ^ 

<s  X  < 

i  i  i 

<?  in  v£> 


O' 

r* 

X. 

cn 

r. 

C 

O 

u 

—4 

o 

Cl 

*o 

•*g 

4) 

vO 

i-4 

4) 

X 

X 

r*4 

4> 

O 

oo 

C 

4>  ^ 

-*«N 

/*> 

./> 

C 

o 

C  U 

-* 

fH 

h- 

o 

H 

O 

o 

w 

c 

04)^ 

J- 

*-* 

c 

0 

2 

cn 

*T3 

Z>  ►j 

Q 

o 

.j 

o 

0 

4) 

CL 

cf: 

C 

00 

C 

00 

1 

■ 

CL 

a 

1  1  1 

t' 

»/! 

W4 

4> 

i 

4) 

1 

<a 

<v 

^4 

> 

■h 

■*-« 

r~* 

CM 

m 

O' 

cu 

i-4  (NJ  cn 

a: 

c 

4> 

§ 

41 

X 

X 

ffl 

u. 

no 

.* 

m  E 

H 

X  b 

Xi 

*— 

Y‘ 

i* 

r~t 

M 

fl  < 

6  < 

E 

* 

* 

* 

i-* 

lu 

■H 

yj 

Cv. 

* 

3 

4) 

41 

3  ^ 

5 

4i 

♦ 

< 

X 

IT 

H 

> 

'•> 

►J 

3 

ii 

7D)  Con3umev  Evaluations  of  Some  Heat  Preducts  Sterilize!  by  Irradiation 

at  Low  Temperature 

Many  teste,  hiu.  be  ic  conducted  cr.  the  flavor  characterise!  s  f  meat 
sterilized  by  irradiation  with  beta  and  gamma  rays.  Many  researchers  have 
noted  that  irradiation  to  sterilization  onditior.s  imparts  and  unpleasant 
flavor  to  meats.  Under  the  program  of  research  into  methods  or  preparing, 
irradiating  and  serving  radiation  sterilized  meats  -endue ted  during  the 
past  several  years  by  the  Natick  Laboratories  and  its  contractors, 
significant  improvements  have  been  made  in  the  overall  acceptability  or 
irradiated  meat  products.  This  progress  is  reflected  in  a  series  or 
increasingly  favorable  reports  on  acceptance  of  irradiated  meats  by 
consumer  panels.  Included  in  this  series  are  the  reports  by  Burt  (.1,2)  on 
irradiation  sterilized  pork  loin,  bacon  and  cnicken  evaluated  by  consumer 
panels  at  Fort  Lee,  Virginia;  Gernon,  Kraus  and  Drake  (4)  on  evaluation  of 
several  meat  products  by  consumer- type  panels  at  the  Quartermaster  Food  and 
Container  Institute  in  Chicago;  the  report  of  Kauffman.  Schack  and  Duxbury 
(9)  on  irradiated  barbecued  beef  and  beef  with  gravies  end,  more  recently, 
the  reports  of  Heiligman  (6)  on  pork  and  chicken  products  stored  up  to  18 
months,  and  of  Hembree  and  Burt  (7)  on  soldier-consumer  preference  tests 
wherein  pork,  beef,  chicken  and  seafood  products  were  evaluated  at  Fort 
Lee,  Virginia.  These  reports  show  that  although  the  non-irr adiated  control 
foods  were  in  general  slightly  preferred  over  their  irradiated 
counterparts,  the  acceptance  of  the  irradiated  items  was  sufficiently  high 
for  them  to  be  -ensidered  satisfactory  for  incorporation  into  military 
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rations.  The  meat  products  evaluated  in  all  of  the  above  reports  were 

o 

prc  i  by  irradiation  at  essentially  ambient  temperatures  (abcut  23  C)  . 

Or  the  basis  of  expert  panel  evaluations,  Colby,  Ingram,  Shepherd, 

Thorr.eiy  and  Wilson  (3)-  Kauffman,  Schack  ar.d  Duxbury  (9),  and  Harlan, 

Kauffman  and  HeL4.igc.ah  (5),  have  presented  data  showing  that  the  amount 

of  irradiation  flavor  proceed  in  beef  is  appreciably  lowered  by 

o 

irradiating  the  product  at  temperatures  down  to  -196  C.  Cclby,  Ingram, 
Shepherd,  Thcrniey  and  Wilson  (3)  also  report( d  that  the  same  eifect 
was  observed  in  irradiation  of  pork  products. 

Kauffman,  Harlan,  Rasmussen  and  Roschen  (8)  reported  on  limited 
consumer  acceptance  evaluation  of  irradiated  beef  steaks.  They  found 
samples  prepared  and  irradiated  under  optimum  conditions  (-196°C 
followed  by  slow  warming)  to  be  as  acceptable  as  non- irradiated  products 
handled  in  the  same  manner.  No  consumer  acceptance  data  for  other  meat 
products  irradiated  »t  low  temperatures  has  been  reported.  The  present 
study  was  conducted  in  an  effort  to  determine  consumer  acceptance  of 
various  low  temperature  irradiation  sterilized  meats,  including  beef, 
pork  and  poultry  products.  In  order  to  obtain  the  reaction  of  an 
unbiased  civilian  population,  including  both  men  and  women,  tests  were 
ctr.dcctad  using  untrained  panels  drawn  from  a  research  institute  and 
■_r..t vet  3ity  population,  An  overall  acceptance  paired  comparison  Lest 
was  used  in  which  j.  jges  ranked  both  the  irradiated  sample  and  the 
rco irradiated  sample  ci  a  7 -point  facial  hedonic  scale.  In  this  t”pc 
ci  't.«*  ,  inti  cat  ior.  •  f  r.  r.  *  preferred  sample  as  well  as  numerical 
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acceptance  scores  for  both  samples  were  obtained.  Irradiation  flavor 
inter>9ity  scores  were  measured  on  the  same  samples  by  an  expert  panel 
in  crd-.r  r.c  determine  to  what  extent  irradiation  flavor  intensity  ratings 
could  be  used  as  an  indication  of  consumer  acceptance. 

For  these  samples  prepared  at  the  Swift  and  Company  Research  and 
Development  Center:  Beef  steaks  from  choice  animals  were  cut  into  one 
inch  thick  pieces,  frozen,  seared  on  both  sides  in  an  infrared  oven  ana 
then  enzyme  inactivated  at  65°C  for  10  minutes  at  507.  relative  humidity. 
Chicken  and  pork  chops  were  obtained  fre*.h  and  then  enzyme -inactivated 
in  a  manner  similar  to  beef  without  the  searing,  and  packed  in  cans. 
Boneless  smoked  ham  and  premium  quality  bacon  were  taken  directly 
from  consumer  packages,  trimmed  and  placed  into  cans  without  further 
treatment.  All  cans  were  closed  under  a  20  inch  vacuum.  Samples  were 
sent  to  the  Natick  Laboratories  for  irradiation  and  returned  to  Swift’s 
Laboratories.  The  products  were  in  an  environment  near  the  temperature 
of  liquid  nitrogen  (-180°C  to  -196°C)  during  irradiation.  Irradiation 
doses  were  4.5  to  5.6  megarads  for  beef,  pork  and  chicken  and  3.0  -  3.7 
megarads  for  ham  and  bacon.  Non-irradiated  controls  prepared  at  the 
same  time  in  the  same  manner  were  held  in  a  freezer  until  evaluation. 

The  samples  were  held  3  to  4  months  before  evaluation. 
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Sarpies  ?r-ps.-si  at  the  Natick  Laboratories 

Samp.*-.  -  .  i  st  brief.  perk  loin,  and  chick-  r:  ware  enzyme  inactivated 
,  ■> 

by  pr  -  ss..  *  ■'■  &  '  *0.  v.-  ■■  by  che  Nat  1 .  •<  1 »b:r  st  trie -a.  These  samples  and 

iy  p;  .  •-.*?-  :  bit.  r  ana  bam,  were  packed  in  cans  (20  inch 
They  v-t:  irradiated  in  the  same  manner  as  the  samples 

p  r  -  p  d  it  the  Swir.:.  at  d  mpany  Laboratories.  These  samples  along  with 
'.•.table  c.ntt ;  Is  were  return- i  to  Swift  and  Company  for  further 
e-  ai .. avion .  The  samples  were  held  3  to  4  months  prior  to  evaluation. 

Prefaret. testing  was  d.re  at  Illinois  Institute  of  Technology 
Research  Inst.lt'.:-.  using  u~  trained  panelists  taken  from  a  regular 
•afVaria  ii-r  .  TV  .  .  p-  ••p‘  -  wil.ing  to  participate  were  taken  to  one 
sihe  and  tar  r.  is  tv,  d  a  plate  oath  the  test  sample  and  non-irradiated 
•control  Simple  both  cf  which  warm.  Sample  preser.tatie.i  was 

ar.ttmlzad  and  sample  sue  was  uniform.  The  samples  were  coded  so  that 

th-.  parr  list  did  net  krow  whether  he  was  tasting  the  control  or  test 

pr.de rt.  No  mention  was  made  that  the  evaluations  included  irradiated 
samples.  Each  panelist  indicated  on  a  facial  hedonic  scale  his 
preference  and  alsu  was  urged  to  make  any  comments  he  desired 
r .  :.  tenting  the  samples.  After  cvaluat  or.  the  preference  stores  were 
<r  alyi.ed  using  Student's  "t"  test  to  establish  the  statistical 
rir  : ti  tar  ce  :t  indicated  preferences. 

A-  e<p  =  -"-  p5'-.  1  :  :*  s  (sring  cf  8  persons  especially  trained  in 
:  • :  -  t:  :r. g  ir  •  ad:»*  ;o~  fiav  •  »ii  us-  i  to  rest  the.  same  samples  of  meats 

-*  s-  u-  -  •  :•  »hts  *  ;• u:-  r 
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Mean  acceptance  s  ores  for  each  test,  ptcde  t  are  given  in  Table  I 
along  with  the  number  of  panelists  part icipating  in  ea  h  evaluation  (N)  . 
Prefer-  c:-  »  be  tween  i  r  radiated  ard  nor  irradiated  s  -cnr  i  r.  s  which  were 
found  to  be  real  with  a  probability  of  957.  cr  greater  are  shown  in  the 
last  column  of.  Table  V.  The  expert  pa^el  results  are  given  in 
Table  VI  for  all  oroducts. 

TABUS  V 

CONSUMER  PANEL  RATINGS  FOR  PREFERENCE  IN  VARIOUS  MEATS 


Mean  Acceptance  Score  (a)  Indicated 


Product 

Source 

N 

Irrad. 

Non-Irr ad . 

Preference  (b) 

Pork 

Natick 

61 

5.2 

4.9 

Irradiated 

Beef  Roast 

Natick 

69 

4.9 

4.8 

No  Difference 

Bacon 

Swift 

105 

4.7 

5.1 

Non-Irradiated 

Chicken 

Natick 

73 

4.6 

4.9 

Non-Irradiated 

Bacon 

Natick 

93 

4.5 

3.6 

Irradiated 

Ham 

Swift 

89 

4.2 

5.0 

Non-Irradiated 

Chicken 

Swift 

40 

4.0 

5.2 

Non-Irradiated 

Ham 

Natick 

72 

3.9 

4.9 

Nor -Irradiated 

Pork 

Swift 

50 

3.7 

4.2 

No  Difference 

Beef  Steak 

Swift 

56 

3.7 

4.8 

Non-Irradiated 

(a)  1-7  Facial  Hedonic  Scale.  A  rating  of  1  means  dislike  very  much;  a 
rating  of  4  means  neither  like  nor  dislike,  and  a  rating  cf  7  means 
like  very  much. 

(b)  Statistically  significant  at  95>.  probability  cr  greater „ 
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TABUS  VI 


EXPERT  PANEL  ratings  for  amount  of  irradiation 

FLAVOR  INTENSITY  IN  VARIOUS  tCATS 

Flavor  Intensity  Scores* 


p- .  ioct 

S;  ..T  r.t 

Irrai, 

Non-Irrad. 

Difference 

Pvrk 

Nat  i 

1.2 

1.3 

0.9 

Be*  f  R  .  aSt 

Natick 

2.0 

1.3 

1.7 

Ba on 

Swift 

1.9 

1.1 

0.8 

Ch  t '  k*n. 

Natick. 

2.6 

1.3 

1.3 

Baron 

Na-ick 

2.1 

1.3 

.8 

Ham 

Swift 

2.5 

1.2 

1.3 

Chicken 

Swift 

2.3 

1.7 

.6 

Ham. 

Natick 

3.6 

1.1 

2.5 

Pot  k 

Swift 

2.2 

1.3 

.9 

Beef  Steak. 

Swift 

3.2 

1.0 

2.2 

* Basel  on  6 -point  so  ala  of  irradiation  flavor  intensity. 

1  =»  none;  6  **  very  much 

The  principal  deterrent  to  consumer  acceptance  of  irradiAted  meat 
prcdu  's  has  in  the  past  been  the  development  of  an  irradiation  flavor 
cb; * rtionablft  t:  most  consumers.  It  has  been  natural,  therefore,  to 
eval-ati  the  results  cf  research  designed  to  redur®  these  flavors  m 
terms  of  expert  parti  -valuations  cf  irradiation  flavor  intensity  and  to 
•_s*  tfc*  ©cr*  number  some  and  cfter.  less  definitive  consumer  acceptance 
o'  ly  when  '-■*  p?  has  first  passed  the  expert  panel  screening. 

1:>  j.tfujet  a  •  -pt  a:  f-.j*tng,  variables  such  as  texture,  odor,  cc  :i 

art  vana'i  -  ail  a -.ter  irvt  the  consumer's  appraisal  of  the 

li 


product  in  addition  to  the  flavor  produced  by  the  irradiation. 
Psychologic al  factors  also  enter  into  consumer  panel  evaluations. 
Essentially  thr  same  test  group  can  give  quite  different  acceptance 
scores  on  different  days  as  shown  by  some  of  the  data  cn  the  Fott  Lee 
Army  feeding  tests.  (7)  In  addition,  it  is  well  known  that  sensitivity 
to  irradiation  flavor  arid  the  reaction  to  irradiation  flavor  varies 
widely  between  Individuals.  Members  of  an  expert  f ’ aver  panel  are 
pre-screened  to  determine  that  they  are,  first,  able  to  detect  small 
amounts  of  irradiation  flavor  and  distinguish  them  fr-^m  other  flavors 
in  the  sample  and,  secondly,  are  screened  to  be  sure  that  they  can 
quantitatively  measure  small  differences  in  irradiation  flavor 
intensity.  In  addition,  expert  panel  evaluations  are  conducted  under 
closely  controlled  environmental  conditions  and  with  the  use  of 
standard  samples  of  irradiated  and  non-irradiated  product  as 
references.  It  is  not  surprising  then  that  the  trained  expert  panels 
can  detect  and  measure  irradiation  flavor  levels  in  products  where  a 
majority  of  a  consumer  panel  would  not  detect  any  off  odor  or  flavor 
due  to  the  irradiation  processing. 

An  examination  of  several  sets  of  data  on  beef  products  on  which 
both  consumer  acceptance  and  expert  panel  scores  have  been  obtained  in 
our  laboratory  have  led  us  to  suggest  that  product  scored  as  having 
"litt  irradiation  flavor  by  our  expert  panel  (2  points  above  the 
non-irradiated  control  on  our  6-pcint  scale)  would  prcoably  be  ac 
about  the  threshold  level  for  detection  of  an  unusual  flavor  by  a 
consumer  acceptance  panel. 
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FtciuOt  j'otfei  less  that  "little"  irradiation  flavor  by  an  expert  panel 
pr  bably  net  be  severely  downgraded  on  the  basis  cf  flavor  by  a 
••..■ns  r  pan*  2  wht  1*  pc  .-duct  scoring  above  "little"  would  probably  be 
penalise i  by  th-:  uxiaum&r  acceptance  panel  on  the  basis  of  poor  flavor. 
This  demarcation  port  is  backed  by  only  a  meager  amount  of  data*  but 
it  does  give  us  a  •  :tiv»r.l«nt  criterion  for  deciding  whether  product  is 
s  jf;  i  c a*r-t  ly  good  to  submit  to  a  consumer  panel.  Table  VII  lists  the 
O':,  sumer  acceptance  scores  on  irradiated  products;,  the  loss  in 
adaptability  dun  to  irradiation  processing  and  the  amount  of 
irradiation  flavor  produced  as  measured  by  the  expert  panel.  If  the 
flavor  effect  threshold  criterion,  or  2.0  expert  panel  points  is  kept 
in  mind  when  nicami Aging  the  data  in  Table  VII  it  is  seen  that  only 
fer  the  beef  steak  prepared  at  Swift  and  the  ham  prepared  at 
Natick  would  one  expect  to  have  a  serious  loss  in  acceptability 
due  to  poor  flavor. 
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TABLE  VII 


CONSUMER  ACCEPTANCE  SCORES,  LOSS  IN  ACCEPTABILITY  D"E  TO  IRRADIATION, 
AND  AMOUNT  OF  IRRADIATION  FIAVOR  IN  VARIOUS  MEATS 


Product 

Place 

Prepared 

Consumer 

Acceptance 

Score  of  Irrad. 

P’  a3uct'* 

Loss  In 
Acceptability 
Due  to 

Ir radiat ion** 

Irradiation 

Flavor 

Produced'***' 

Pork 

Natick 

5.2 

-0.3 

0.9 

Beef  Roast 

Natick 

4.9 

-0.1 

1.7 

Bacon 

Swift 

4.7 

0.4 

0.8 

Chicken 

Natick 

4.6 

0.3 

1.3 

Bacon 

Natick 

4.5 

-0.9 

0.8 

Ham 

Swift 

4.2 

0.8 

1.3 

Chicken 

Swift 

4.0 

1.2 

0.6 

Ham 

Natick 

3.9 

1.0 

2.5 

Perk 

Swift 

3.7 

0.5 

0.8 

Beef  Steak 

Swift 

3.7 

1.1 

2.2 

*  Taken  from  Table  V. 

Difference  between  consumer  acceptance  score  of  irradiated  and  nor- 
irradiated  samples  -  taken  from  Table  V. 

***  Difference  between  expert  panel  score  of  irradiated  and  non- irradiated 
samples  -  taken  from  Table  VI. 

The  loss  in  acceptability  for  both  these  products  is  appreciable.  A 
large  number  of  panelists  noted  that  the  irradiated  beef  steaks  had  "peer", 
"scorched”  or  ’’foreign”  flavors  and  a  number  of  comments  on  the  ham 
prepared  at  Natick  were  in  the  nature  cfa  "medicinal"  or  "re-cooked" 
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t lavo:  although  :oti:aslv  plough,  ever  ten  per  cent  of  the  panel  members 
r*p  the  irradiated  ham  to  have  a  good  flavor  and  texture.  Bas  >d  on 

tie  -Kp-rt  panel  2-pcjnt  difference  rriteria,  the  other  products  in  the 
test  shculd  not  have  t xperiet-ced  a  serious  less  lu  acceptability  cue  to 
flavor.  With  the  exception  cf  chicken  irradiated  at  Swift,  which  was 
rtted  by  seme  panelists  to  be  "almost  spoiled",  "having  an  after-taste" 
and  "r.ct  good",  and  which  suffered  a  large  loss  in  acceptability  on 
irradiation  processing,  this  observation  seems  to  be  true.  Comments  on 
ether  samples  mention  "blandness''1  and  "lack  of  taste"  in  the  cured 
product  particularly  b^t  do  not  suggest  the  presence  of  severely 
objectionable  flavor.  Instead,  ether  properties  of  the  sample  appear 
to  be  more  important  in  the  overall  acceptance  scores.  The  expert 
panel  flavor  intensity  score  on  roast  beef  was  close  enough  to  the 
2.0  level  to  raise  some  question  as  to  whether  flavor  might  be  impaired. 
However,  the  comments  show  that  irradiation  processing  produced  a 
tenderizing  action  which  apparently  more  than  compensated  for  any  loss 
in  flavor  score.  As  a  result,  the  consumer  acceptance  ratings  of  the 
Irradiated  and  non- irradiated  products  were  not  significantly 
different.  In  the  case  of  bacon  and  pork  prepared  at  Natick,  the 
irradiated  samples  were  actually  preferred  by  the  consumer  panel  over 
the  non- irradiated  products.  Here  the  comments  clearly  indicate  that 
In  the  case  cf  the  pork,  the  irradiated  sample  was  found  to  be  more 
render  and  moist  than  the  non- irradiated  product  and  in  the  bacon 
evaluation  cf  the  comments  show  that  the  panel  objected  to  the  high 
!ei>tl  cf  salt  in  the  non- irradiated  control,  which  apparently  had 
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moderated  by  the  irradiation  treatment.  The  data  reported  here 
suggest  that  Sufficient  off- flavor  to  markedly  affect  the  consumer 
acceptance  ratings  was  found  in  x-  I y  three  of  the  ten  samples 
irradiated  at  liquid  nitrogen  temperatures.  In  the  case  of  one  of 
these  three  samples,  the  chicken  prepared  at  Swift,  the  otf-flavcr 
apparently  was  net  the  "typical"  irradiation  flavor.  In.  the  other 
seven  products,  flavor  changes  were  sufficiently  small  that  ether 
properties  of  the  products,  such  as  texture  and  level  of  curing  agents 
were  at  least  equally  important  in  the  final  consumer  acceptance  rating. 

Beth  the  levels  of  acceptance  and3  in  general;  the  loss  cf 
acceptability  due.  to  irradiation  processing  found  in  this  series  of 
consumer  acceptance  tests  are  very  similar  to  those  reported  for 
similar  products  prepared  by  ambient  temperature  irradiation  by 
Hembree  and  Burt  (7)  in  their  extensive  feeding  tests  at  Fort  Lee, 
Virginia,  although  it  should  be  noted  that  in  their  work  they  did  not 
find  any  case  in  which  the  irradiated  product  was  preferred  to  the 
non- irradiated  control. 
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SUMMARY 


No  differences  were  noted  in  degree  of  irradiation  flavor  of  veal, 
lamb  and  beef  as  regards  to  age  within  a  species.  Beef,  pork,  chicken, 
Brown  'N  Serve  Sausage,  smoked  ham  and  ba>  m  irradiated  at  -180  -  196°C 
were  rated  from  very  little  to  little  irradiation  flavor  by  an  export 
panel.  Consumer  panels  rated  the  controls  superior  to  the  irradiated 
samples  in  most  instances. 

Ten  different  items  representing  five  different  meats,  which  had 
been  radiaticv.-sterilized  while  at  a  temperature  near  liquid  nitrogen, 
were  evaluated  by  consumer  panels  for  acceptance,  and  by  a  trained 
expert  panel  for  irradiation  flavor  intensity.  The  consumer  panels 
rated  the  irradiated  samples  as  good  as,  or  better  than,  the  non- 
irradiated  frozen  control  in  four  of  the  ten  items  tested.  Acceptance 
scores  and  comments  were  sufficiently  favorable  to  suggest  that  the 
consumers  did  not  find  any  of  the  Irradiated  items  objectionable. 

The  expert  panel  rated  the  irradiated  samples  on  an  average  midway 
between  "little'’  and  "very  little"  for  irradiation  flavor  intensity. 
Expert  panel  scores  were  useful  in  determining  to  what  extent  irradiation 
flavor  affected  overall  acceptance  scores. 
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